In order to simultaneously monitor the concentrations of PAHs and POPs in the atmosphere, an activated carbon fiber filter paper (ACFP) was used as the adsorbing material in this study. The pressurized liquid extraction method (PLE method) was used to extract PAHs and POPs collected on the ACFP. Toluene was an effective solvent to extract them from ACFP using the PLE method, but some of PAHs, such as benzo(a)pyrene, benzo(g,h,i)perylene, dibenzo(a,h)anthracene and indeno(1,2,3-cd)pyrene, were hardly extracted. These PAHs were adsorbed on the particulate matter in the atmosphere. In general, these forms of particulate matter could be collected using a quartz fiber paper (QFP); these PAHs were efficiently extracted from the QFP using the PLE method with toluene. In this study, the collecting method of the PAHs was modified by using QFP overlapped in front of the ACFP. Atmospheric monitoring of PAHs and POPs in Niigata area was performed using this method, and most of the target compounds were detected. However, some of the POPs, such as aldrin, endrin, mirex, could not be detected. The POPs, such as hexachlorobenzene, α-hexachlorocyclohexane and chlordanes, and most of the PAHs were detected from all of the samples collected throughout the monitoring period. It was confirmed that these methods were effective to simultaneously monitor the concentrations of the PAHs and POPs in the atmosphere. fiber filter paper (ACFP) to collect pesticides contained in both the water and the atmosphere. [20] [21] [22] [23] [24] [25] The method has the following three merits: (1) it requires a small quantity solvent to extract target compounds, (2) easy operational procedure and (3) the detected limit of this method is lower than those of other methods.
In this paper, we examine a method used to apply the simultaneous monitoring of PAHs and POPs in the atmosphere.
Experimental

Target compounds
The target compounds were 16 kinds of PAHs and 21 kinds of POPs. These POPs were included in the POPs Treaty, except for three kinds of POPs, such as dioxins, PCB and toxaphene. The metabolites of some of the POPs, hexachlorocyclohexanes (HCHs), endosulfans, heptachlors and methoxychlor, were also included in the group of POPs. These target compounds are listed in Table 1 .
Materials
A standard solution of the PAHs, (PAH Solution Mix) was purchased from AccuStandard Inc. A standard solution of PAHs' surrogates, (US 16PAH Cocktail) was purchased from Cambridge Isotope Laboratories, Inc.
Standards of hexachlorobenzene (HCB) and mirex were purchased from Wako Pure Chemical Industries, Ltd. Standard solutions of trans-chlordane and cis-chlordane were purchased from Supelco Co. Ltd. Other standard solutions of POPs (EPA 8080 Pesticides Mix) were purchased from Supelco Co. Ltd. A surrogate solution of α-HCH-d6 was purchased from Kanto Kagaku Co. Ltd. and surrogate solutions of HCB-13 C6, β-HCH-13 C6, γ-HCH-13 C6, trans-chlordane-13 C10, p,p′-DDE-13 C14 and p,p′-DDT-13 C12 were purchased from Cambridge Isotope Laboratories, Inc. 9-Bromoanthracene (analytical grade, Wako Pure Chemical Industries, Ltd.) was used as an internal standard.
Solvents such as acetone, toluene, methylene chloride, ethanol (pesticides grade, Kanto Kagaku Co. Ltd.) were used without any purification to extract and to purify the samples.
An activated-carbon fiber filter paper (ACFP; KF paper p-175, Toyobo Co. Ltd., Japan) was used as an adsorbing material to collect PAHs and POPs contained in the atmosphere. The ACFP was cut into pieces of 47 mm in diameter, put into a soxhlet extractor and washed sequentially with acetone, toluene and acetone. The washing time was 8 h for each solvent. After removing the solvents under reduced pressure, the ACFP was stocked in a desiccator.
Quartz fiber filter paper (QFP) used a PALLFLEX membrane filter (TISSUQUARTZ 2500QAT-UP, Tokyo Dylec Co. Ltd., Japan), which was also used to collect the target compounds. The QFP was cut into pieces of 47 mm in diameter and heated at 600˚C for 4 h. After cooling the QFP to room temperature, it was stocked in a desiccator.
Sampling procedures
A piece of the QFP and two pieces of the ACFP were overlapped and fitted into a stainless-steel filter folder of 47 mm in diameter to simultaneously collect PAHs and POPs contained in the atmosphere. In front of the entrance of the filter holder, a stainless-steel funnel was connected to prevent the contamination of rain. To collect the target compounds contained in the atmosphere, air was passed through the filter for an arbitrary period at a flow rate of 10 L min -1 by using a connected diafram pump. The flow rate and the total flow volume were monitored by a dry gas-meter. The apparatus used is illustrated in Fig. 1 .
Analytical procedures
The stable-labeled internal standards (surrogates) were spiked to filter papers (ACFP and QFP) that contained the collecting the PAHs and POPs. The PAHs and POPs containing their surrogates were extracted from the filter papers with toluene by means of the pressurized liquid extraction method (PLE (toluene) method) using high-speed solvent-extraction equipment (DIONEX, ASE200). The operational conditions of the PLE method using DIONEX ASE200 are given in Table 2 .
The extracts were evaporated just to dryness using a rotary evaporator, and the residue was dissolved with 1 ml of methylene chloride (DCM). The solution was cleaned up by means of a Sep-Pak Florisil cartridge (Waters Co.) with 10 ml of DCM. The cartridge was washed before use with 10 ml of DCM. Then, 2 µl of an acetone solution containing 0.5% polyethylene glycol (200 + 300) was added to the eluent, and the mixture was carefully concentrated just to dryness under a nitrogen flow. The residue was then dissolved in 20 µl of an acetone solution containing 0.4 µg of 9-bromoanthracene as an internal standard; the final volume of the solution was adjusted to 100 µl with toluene for a GC/MS analysis. The solution was analyzed with GC/HRMS (HP5890 gas chromatograph coupled to a JEOL SX-102A) at 5000 resolving power in the SIM mode. The concentrations of the PAHs and POPs in the solution were determined using their surrogates as an internal standard. However, the concentrations of POPs that had no corresponding surrogates were determined using the other surrogates, as follows: trans-chlordane-13 C10 was used to determine heptachlor, heptachlor epoxide, aldrin, cis-chlordane and α-endosulfan; DDE-13 C14 was used to determine dieldrin, endrin and β-endosulfan; and DDT-13 C12 was used to determine DDD, endrin aldehyde, endosulfan sulfate, methoxychlor and mirex.
The operational conditions of GC/MS for determining the PAHs and POPs are given in Table 3 . It was difficult to simultaneously determine the concentrations of the PAHs and POPs, because the concentrations of the PAHs, such as fluorene and phenanthrene, exceed 10000-times those of the POPs. Thus, the concentrations of the PAHs and POPs were determined under different operational conditions of GC/MS. Typical SIM chromatograms of the PAHs and POPs are shown in Fig. 2 and Fig. 3 , respectively. These figures show SIM chromatograms of their standard mixtures (a) and monitoring samples extracted from the QFP (b).
Results and Discussion
Blank in the ACFP
The concentrations of the PAHs and POPs containing in the unused ACFP were determined as blank tests by means of the extraction method, as follows: the PAHs and POPs involved in 585 ANALYTICAL SCIENCES APRIL 2006, VOL. 22 the ACFP, which was cut into 47 mmφ pieces from the sheet, were extracted using the PLE (toluene) method. The PAHs were hardly detected, except for a trace amount of naphthalene, and the POPs were not detected. Therefore, there was no problem to use the ACFP as an adsorbing material of the target compounds, but the ACFP was carefully washed with toluene and acetone before use.
Extraction test of the standard sample
In order to establish a method to extract PAHs from ACFP, extraction tests were performed using the standard reference material (National Institute of Standards and Technology (NIST) SRM1649a, Urban Dust). Extractions were carried out by means of four methods, as follows: (1) the ultrasonic extraction method (US method) using toluene/ethanol (4:1, v/v) as an extraction solvent (US (tol-EtOH) method), 26 (2) the US method using DCM (US (DCM) method), 27 (3) the PLE (toluene) method and (4) the PLE method using acetone (PLE (acetone) method). The results obtained from these methods are compared in Table 4 . It was noteworthy that the data, except for dibenz(a,h)anthracene, obtained by the PLE (toluene) method showed higher values than those of the other methods. Also, the data obtained by the PLE (toluene) method showed higher values than the certified concentration values of the standard reference material, except for phenanthrene, benz(a)anthracene and indeno(1,2,3-cd)pyrene. These results showed that the PLE (toluene) method as an extraction solvent was effective.
Recovery test of PAHs
Recovery tests of PAHs from ACFP were carried out as follows. After spiking the PAHs and their surrogates to ACFP, the PAHs were extracted using the PLE (toluene) method. The results of these tests are given in Table 5 . Using 9-bromoanthracene as an internal standard, PAHs having two or three rings were recovered at more than 70%, and their coefficients of variation were within 20%. PAHs having more than four rings were recovered in less than 60% and their coefficients of variation were larger than 30%.
On the other hand, using the PAHs' surrogate as an internal standard, most of the PAHs were recovered in more than 60% and their coefficients of variation were within 10%. Although PAHs having more than five rings were recovered in more than 70%, their coefficients of variation had large values. These results showed that the direct extraction of these PAHs from ACFP was difficult, because they seemed to be strongly adsorbed to carbon fiber. These PAHs adsorbed on the particulate matter in the atmosphere could be easily collected using QFP and extracted using the PLE (toluene) method. 28 In order to collect the PAHs adsorbed on particulate matter, 20 the collecting method only using ACFP was modified by using a QFP overlapping in front of ACFP.
Recovery test of POPs
Recovery tests of POPs were performed from ACFP using the 586 ANALYTICAL SCIENCES APRIL 2006, VOL. 22 PLE (toluene) method. Most of the POPs were recovered in more than 90% using 9-bromoanthracene as an internal standard; their coefficients of variation were within 10%. Also, using the POPs' surrogates as internal standards, their recoveries were more than 90% and their coefficients of variation were within 10%. These results are given in Table 6 .
Comparison of the adsorbing materials
To prevent a breakthrough of the target compounds, a piece of QFP and two pieces of ACFP as an adsorbing material were used as adsorbing materials. The PAHs and POPs were extracted from QFP and ACFP using the PLE (toluene) method.
The collecting abilities of QFP and ACFP for the target compounds were compared with those of the other two adsorbing materials. Air samples were collected in a field using three kinds of adsorbing materials, as follows: (1) a piece of QFP and two pieces of ACFP (QFP + 2ACFP), (2) only an AERO cartridge (SDB400HF, GL Sciences Corporation, Japan) and (3) a piece of the QFP and a piece of Empore disk (SDB-XC, 3 M, USA), and were analyzed. Each adsorbing material was set up in an identical shelter and an air sample was continuously passed through it at a rate of 10 L min -1 for one week. The PAHs and POPs collected on these adsorbing materials were extracted using the PLE (toluene) method or the PLE (acetone) method, and the results were compared.
The concentrations of the POPs obtained using these three adsorbing materials had similar low values, and their fluctuations of the concentration were large. The results of the PAHs are given in Table 7 . The values of naphthalene in Table  7 were treated as a reference, because the method blank of naphthalene had a high value, and each recovery of the surrogate was lower than those of the other PAHs.
The concentrations of PAHs having two and three rings, except for phenanthrene, using the adsorbing material (1) were higher than those of adsorbing materials (2) and (3). This finding indicated that these PAHs were breakthroughs from adsorbing materials (2) and (3). To clarify the breakthrough of the PAHs from the adsorbing material, a piece of ACFP was added as back-up filter behind them, and air samples were then passed through. It was difficult to set the ACFP behind adsorbing material (2), because the sampling folder for it was a special form. Thus, the breakthrough tests were carried out only for adsorbing material (3) . The results are shown in the right column of Table 7 . Some of the PAHs were detected from the back-up filter, which showed remarkable breakthroughs of naphthalene, acenaphthylene, acenaphthene, fluorene and phenanthrene. This finding indicated that some PAHs may also be breakthroughs from the adsorbing material (2) .
The concentrations of fluoranthene and pyrene using adsorbing materials (2) and (3) were higher than those of adsorbing material (1) . The blank values of fluoranthene and pyrene contained in these adsorbing materials were higher and they had larger fluctuations than those of adsorbing material (1), because adsorbing materials (2) and (3) were not washed with toluene and acetone before use. The values of PAHs having more than five rings were low and their fluctuations were large.
These results showed that adsorbing material (1) was effective for monitoring target compounds contained in the atmosphere. Also, the merits of this sampling method using adsorbing material (1) were low cost and simple manipulation.
Application to the atmospheric monitoring of the PAHs and POPs
The simultaneous monitoring of the PAHs and POPs contained in the atmosphere was performed using adsorbing material (1) Added amount: each 100 ng. PLE (toluene), the pressurized liquid extraction method with toluene; I.S., internal standard (9-bromoanthracene); CV, coefficient of variation. The monitoring results are given in Tables 8 and 9 . The values of naphthalene were treated as the reference in Table 8 , because some kinds of recoveries of naphthalene's surrogate had low values, and naphthalene seemed to breakthrough from the adsorbing material. The values of benzo(a)pyrene are not presented in Table 8 , because some of the benzo(a)pyrene's surrogates were hardly recovered and benzo(a)pyrene and its surrogate seemed to resolve in the analytical processes.
The detection limits of the target compounds were determined from the sensitivity for GC/MS and their blank in all analytical procedures. The sensitivity of the target compound was defined under the condition of S/N = 10 for its target peak in the standard chromatogram measured by GC/MS. The data are given in Tables 8 and 9 . The detection limits of the PAHs ranged from 1 to 100 pg m -3 . Because the method blank of fluorene was higher than that of the other PAHs, the detection limit of fluorene was highest (100 pg m -3 ) in all of the PAHs. In the POPs, α-and β-endosulfan had relatively high detection limits of 5.0 and 10 pg·m -3 , respectively, and the detection limits of the other POPs were from 0.25 to 1.0 pg m -3 .
The PAHs were detected for about one year. The concentrations of the PAHs of the A site in an urban area were usually higher than those of the B site in a mountainous area. The concentrations of fluorene and phenanthrene were especially higher than those of the other PAHs.
The concentrations of PAHs having more than five rings increased in the winter at both sites A and B. On the other hand, the concentrations of acenaphthene and fluorene having three rings increased in the summer at site A, but their concentrations were nearly constant at site B.
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ANALYTICAL SCIENCES APRIL 2006, VOL. 22 5300  86000  24000  230  37000  12000  10  Acenaphthylene  550  7600  2300  87  2100  310  1  Acenaphthene  990  8700  3500  56  820  390  8  Fluorene  3300  16000  6300  500  3100  1800  100  Phenanthrene  3100  16000  6000  780  4300  1700  10  Anthracene  200  960  430  40  410  92  20  Fluoranthene  530  6400  1500  150  1600  410  10  Pyrene  260  2000  720  80  750  250 POPs such as aldrin, endrin, endrin aldehyde and mirex were not detected at all, but chlordanes, HCB and HCHs were continuously detected for about one year. The concentrations of the POPs at site A maintained higher values than those of site B. The concentrations of endsulfans were equal at both sites. It was noteworthy that the concentrations of POPs remarkably increased from spring to summer. Although the concentrations and the fluctuation modes of the POPs were different from those of the PAHs, their characteristics were similar to those described in previous papers.
Conclusions
In this study, we examined a method for the simultaneous monitoring of PAHs and POPs contained in the atmosphere using activated carbon fiber filter paper (ACFP) as the adsorbing material.
The following methods were efficient to simultaneously monitor the concentrations of the PAHs and POPs contained in the atmosphere:
1) The adsorbing material, which consisted of a piece of quartz fiber filter paper (QFP) overlapped in front of the two pieces of ACFP, was effective to collect PAHs and POPs contained in the atmosphere.
2) A pressurized liquid extraction method with toluene as an extraction solvent using high-speed solvent-extraction equipment (PLE (toluene) method) was used to extract PAHs and POPs from the adsorbing material, and the extracted solutions were analyzed with GC/HRMS.
3) The concentrations of PAHs and POPs were determined using their corresponding surrogates as an internal standard.
The simultaneous monitoring of PAHs and POPs contained in the atmosphere using this method was performed every two weeks for one year in Niigata prefecture. The atmospheric concentrations of PAHs having more than five rings increased in the winter and the concentrations of most of the POPs increased from spring to summer; these characteristics were similar to those given in previous papers.
We plan to study efficient collection methods of naphthalene and effective analytical methods of benzo(a)pyrene. 
